Abstract-Diarylamines in the benzo [b]thiophene series bearing electron donating or withdrawing groups, were prepared by BuchwaldHartwig C-N coupling in moderate to high yields. The conditions used were Pd(OAc) 2 (3 mol%), BINAP as ligand (4 mol%) and Cs 2 CO 3 as base (1.4 equiv.), in toluene at 1008C, being 6-bromo or amino benzo [b]thiophenes coupled, respectively, with substituted anilines or phenylbromides. The 6-aminobenzo[b]thiophene derivatives were also prepared by palladium catalyzed C-N coupling of the corresponding 6-bromo compounds with benzophenone imine, followed by acidic hydrolysis of the imino derivatives. When 4-nitrobromobenzene and 4-bromobenzonitrile were used as coupling components, triarylamines were also isolated in small amounts. The presence of a fluorine atom on the phenylbromide highly increases the diarylamine yields. q
Introduction
The palladium catalyzed amination of aryl halides has become an important method for the synthesis of arylamines found in pharmaceuticals, 1,2 materials with important electronic properties 3 -5 and ligands for transition metals. 6 During the past six years extensive research devoted to the development of palladium catalyzed carbon -nitrogen bond formation has led to efficient systems that offer considerable advantages over the classical methods (i.e. non-activated substrates can be used, and neither highly polar solvents nor severe reaction conditions are required). 7, 8 The combination Pd/racemic BINAP is an excellent catalyst system for the coupling of primary amines with arylbromides. 9, 10 Although a general protocol had been developed for the palladium catalyzed cross coupling of primary and secondary amines with aryl bromides using sodium tert-butoxide (t-BuONa), 9 this base presented problems with a number of common functional groups such as esters, aldehydes, enolizable ketones, nitriles and nitro groups. The scope of this method was further expanded by the use of caesium carbonate (Cs 2 CO 3 ), 10 allowing the coupling of aryl bromides which were incompatible with t-BuONa. With this methodology it is also possible to synthesize primary arylamines from aryl bromides using benzophenone imine as an ammonia surrogate.
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Here we report the synthesis of diarylamines in the benzo [b] thiophene series bearing electron donating or withdrawing groups, by palladium catalyzed amination of aryl halides using Pd(OAc) 2 , racemic BINAP as ligand and Cs 2 CO 3 as base. The benzo [b] thiophenes are important heterocycles either as biological active molecules or as electronic or luminescent components used in organic materials. 12 In some cases triarylamines were also obtained as by-products in a small amount. The triarylamine moiety is also known by its important electronic properties, particularly for electron luminescent devices.
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The 6-aminobenzo [b] thiophenes coupling components were also prepared by C -N cross coupling of the corresponding bromo compounds with benzophenone imine followed by acidic hydrolysis of the imino derivatives.
Results and discussion
The regioselectively obtained 6-bromobenzo [b] thiophenes 1 14 were coupled using two different catalytic systems, with benzophenone imine to give after hydrolysis of the imino derivatives, the corresponding 6-aminobenzo [b] thiophenes 2 ( Table 1) . As far as our knowledge this is the first time that aminobenzo [b] thiophenes were prepared using this methodology. Amine 2a have already been prepared by us from deprotection of the corresponding acetamide which was obtained by Beckmann rearrangement of the precursor oxime. 15 Benzo [b] thiophenes 1 and 2 were coupled with anilines or phenylbromides bearing methoxy groups or different electron withdrawing groups to give diarylamines 4-8 in moderate to high yields using the same conditions (Table 2) . Diarylamine 4a has already been prepared by us in the same yield using t-BuONa as base. 15 In the synthesis of diarylamines 5a and 6a, the corresponding triarylamines 5b and 6b were also isolated as byproducts (Table 2) . Increasing the amount of the aminobenzo [b] thiophene 2b (1 to 1.2 equiv.) and decreasing the heating time (17 to 5 h), the diarylamine 6a yield increased (40 to 51%) with the decrease of triarylamine 6b yield (5 to 2%).
Despite we had previously concluded that for the synthesis of methoxylated diarylacetamides in this series by Goldberg coupling, 16 the amido group should be in the benzo [b] thiophene moiety, in this work the amino group may be in both systems to afford diarylamines in good yields. The imino derivatives were hydrolyzed with HCl 2.0 M in THF at rt. 
Conclusion
With this work several diarylamines in the benzo [b] thiophene series bearing electron donating groups (1 or 2 OMe in different positions) or withdrawing groups (CN, NO 2 , CHO and F) were prepared either from bromo or aminobenzo- [b] thiophenes. The use of Cs 2 CO 3 proved to be general either in the synthesis of these compounds or in the synthesis of the primary benzo [b] thiophene amines, with no need of changing the catalytic system as some authors have claimed. The diarylamines obtained can be very useful for several applications (biological or in materials with electronic or luminescent properties) based also on the benzo [b] thiophene moiety properties and on the variety of substituents introduced. They can be cyclized to substituted thienocarbazoles, bioisosteres of natural anti-tumoral DNA intercalating compounds (methylated pyridocarbazoles), being the fluorodiarylamines, obtained in high yields, specially interesting for this purpose. The presence of a fluorine atom, useful for increasing the solubility of the molecules, is very important for biological applications.
Experimental

Materials and methods
Melting points (8C) were determined in a Gallenkamp apparatus and are uncorrected. IR spectra were recorded as nujol mulls on a Perkin -Elmer 1600-FTIR spectrophotometer and wavenumbers are given in cm 21 . 1 H and 13 C NMR spectra were recorded on a Varian Unity Plus (300 and 75,4 MHz respectively).
1 H -1 H spin -spin decoupling and DEPT u 458 were used. Chemical shifts are given in ppm and coupling constants in Hz. The mass spectra were obtained by electronic impact in the mass spectrometry external service of the University of Vigo (Spain). Elemental analysis was performed on a LECO CHNS 932 elemental analyzer.
The reactions were monitored by thin layer chromatography (TLC). Column chromatography was performed on Macherey-Nagel silica gel 230 -400 mesh. Preparative Layer Chromatography (PLC) was performed in 20£20 cm plates Macherey-Nagel, Layer 2 mm SIL G-200 UV 254 . Petroleum ether refers to the boiling range 40-608C. Ether refers to diethylether. When solvent gradient was used, the increase of polarity was made gradually from petroleum ether to mixtures of ether/petroleum ether increasing 10% of ether until the isolation of the product.
4.2.
General procedure for the synthesis of 6-aminobenzo [b] thiophenes 2a, b by C -N coupling of compounds 1a or 1b with benzophenone imine and hydrolysis of the corresponding imino derivatives Coupling with benzophenone imine: A dry Schlenk tube was charged, under Ar, with dry toluene (3 -5 ml), the 6-bromo benzo [b] thiophenes 1a or 1b (0.500 g), benzophenone imine, the catalytic system (a) or (b) and the mixture was heated at 1008C for several hours (Table 1) . After cooling, water and ether were added and the phases were separated. The aqueous phase was extracted with more ether and the organic extracts were collected, dried (MgSO 4 ) and filtered. Removal of the solvent gave the corresponding imine derivative as a yellow solid after some washes with MeOH to remove the excess of benzophenone imine and traces of toluene.
Hydrolysis of the imino derivatives:
11 To the imino derivative (,0.650 mol), THF (15 ml) and HCl 2 M (3 ml) were added and the mixture was stirred at room temperature for 15 min. HCl 0.5 M (10 ml) and hexane/ ethyl acetate 2:1 (10 ml) were added. A precipitate came off and filtration gave a white solid. This solid was stirred with 20 ml of NaOH 30% and CHCl 3 was added. The phases were separated, the aqueous phase was extracted with CHCl 3 and the organic phases gave, after drying (MgSO 4 ), filtration and removal of the solvent the corresponding amines 2.
4.2.1. 6-Amino-2,3,5-trimethylbenzo [b] thiophene (2a).
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From bromo compound 1a (1.96 mmol), using catalytic system (a) the corresponding imino derivative was obtained as a yellow solid (0.700 g, quantitative yield), mp 123 -125. IR: 1663 123 -125. IR: , 1611 123 -125. IR: , 1592 123 -125. IR: , 1571 123 -125. IR: , 1488 123 -125. IR: , 1461 123 -125. IR: , 1445 123 -125. IR: , 1377 123 -125. IR: , 1314 123 -125. IR: , 1287 123 -125. IR: , 1246 123 -125. IR: , 1229 Using catalytic system (b) the overall yield for amine 2a was 50%.
4.2.2. 6-Amino-2,3,4,7-tetramethylbenzo [b] thiophene (2b). From bromo compound 1b (1.85 mmol) using catalytic system (b) the corresponding imino derivative was obtained as a yellow solid (0.690 g, quantitative yield) mp 145 -147. IR: 1667 145 -147. IR: , 1610 145 -147. IR: , 1462 145 -147. IR: , 1377 145 -147. IR: , 1316 145 -147. IR: , 1275 145 -147. IR: , 1239 145 -147. IR: , 1123 145 -147. IR: , 1074 NS: C 70.20, H 7.36, N 6.82, S 15.61; found: C 70.16, H 7.26, N 6.75, S 15.58. Using catalytic system (a) the amine 2b was obtained in 50% overall yield.
4.3. General procedure for the synthesis of diarylamines bearing electron donating or withdrawing groups 4 -8 A dry Schlenk tube was charged, under Ar, with dry toluene (3 -5 ml), the aniline or arylhalide, the benzo [b] thiophenes 1 or 2, the catalytic system and the mixture was heated at 1008C for several hours ( Table 2 ). The reaction was followed by TLC and stopped when no increase of the product seemed to occur. After cooling water and ether were added. The phases were separated, the aqueous phase was extracted with more ether and the organic phases collected, dried (MgSO 4 ) and filtered. Removal of the solvent gave an oil, after removal of traces of toluene with MeOH, which was submitted to column chromatography to give the product. In some cases triarylamines were also isolated as by-products.
4.3.1. 6-(4-Methoxyphenyl)amino-2,3,5-trimethylbenzo- [b] thiophene (4a).
From arylhalide 1a (0.150 g, 0.590 mmol), 4-methoxyaniline (0.0720 g, 0.590 mmol) and using solvent gradient from neat petroleum ether to 10% ether/petroleum ether in the column chromatography compound 4a was obtained as a white solid (0.105 g, 60%). Crystallization from ether/petroleum ether gave colorless crystals, mp 130 -132 [lit., 15 130 -132] . The spectroscopic properties were identical to those already described by us.
6-(3-Methoxyphenyl)amino-2,3,4,7-tetramethylbenzo[b]thiophene (4b).
From amine 2b (0.250 g, 1.20 mmol), 3-methoxybromobenzene (0.227 g, 1.20 mmol) and using solvent gradient from neat petroleum ether to 10% ether/petroleum ether in the column chromatography, compound 4b was obtained as a white solid (0.189 g, 50%). Crystallization from ether/petroleum ether gave colorless crystals mp 162 -164. IR: 3352 (N-H). 1 H 6.46, N 4.28, S 9.79; found: C 69.77, H 6.76, N 4.42, amino-2,3,4,7-tetramethylbenzo [b] thiophene (4f). From arylhalide 1b (0.200 g, 0.740 mmol), 3,4-dimethoxyaniline (0.114 g, 0.740 mmol) and using solvent gradient from neat petroleum ether to 10% ether/petroleum ether in the column chromatography, compound 4f was obtained as a white solid (0.132 g, 52%). Crystallization from ether/petroleum ether gave colorless crystals, mp 178 -180. IR: 3358 (N -H). 1 102.26, 107.34, 113.52, 118.77 (C), 120.63, 129.02 (C) H 6.79, N 4.10, S 9.39; found: C 69.95, H 6.73, N 4.10, S 9.02. 4.3.7. 6-(3,5-Dimethoxyphenyl)amino-2,3,5-trimethylbenzo [b] thiophene (4g). From arylhalide 1a (0.150 g, 0.590 mmol), 3,5-dimethoxyaniline (0.117 g, 0.760 mmol) and using solvent gradient from petroleum ether to 30% ether/petroleum ether in the column chromatography, compound 4g was obtained as a white solid (0.155 g, 80%). Crystallization from ether/petroleum ether gave colorless crystals, mp [112] [113] [114] H 6.46, N 4.28, S 9.79; found: C 69.43, H 6.59, N 4.36, 3, thiophene (5a) and 6-bis(4-nitrodiphenyl)amino-2,3,5-trimethylbenzo [b] thiophene (5b). From amine 2a (0.170 g, 0.880 mmol) and 4-bromonitrobenzene (0.179 g, 0.880 mmol) and using solvent gradient from neat petroleum ether to 50% ether/petroleum ether in the column chromatography, compound 5a was obtained as an orange solid (0.111 g, 40% It was also isolated a less polar product as a yellow solid which showed to be triarylamine 5b (0.0460 g, 12%), mp 118-120. IR: 1596 118-120. IR: , 1580 118-120. IR: , 1493 118-120. IR: , 1462 118-120. IR: , 1377 118-120. IR: , 1339 118-120. IR: , 1299 118-120. IR: , 1280 118-120. IR: , 1178 118-120. IR: , 1150 118-120. IR: , 1109 H 4.42, N 9.69, S 7.40; found: C 63.40, H 4.89, N 9.34, 3, 4, thiophene (6a) and 6-bis(4-cyanodiphenyl)amino-2,3,4,7-tetramethylbenzo [b] thiophene (6b). From amine 2b (0.110 g, 0.530 mmol) and 4-bromobenzonitrile (0.0810 g, 0.440 mmol), heating for 5 h, and using solvent gradient from neat petroleum ether to 50% ether/petroleum ether in the column chromatography, compound 6a was obtained as a white solid (0.0700 g, 51%). Crystallization from ether/petroleum ether gave colorless crystals, mp [230] [231] [232] 
